The purine and polyamine metabolic enzyme methylthioadenosine (MeSAdo) phosphorylase is abundant in normal cells and tissues but is lacking from many human and murine malignant cell lines and from cells of some human leukemias in vivo. To explore the genetic control of MeSAdo phosphorylase expression, we measured levels of the enzyme in somatic cell hybrids prepared by fusing MeSAdo phosphorylasedeficient mouse L cell lines with human fibroblasts. In the hybrid clones, MeSAdo phosphorylase activity segregated concordantly with adenylate kinase 1, a marker for human chromosome 9, but not with enzyme markers for any other human chromosome. In hybrid clones derived from human fibroblasts with a reciprocal translocation between chromosomes 9 and 17, MeSAdo phosphorylase activity was confined to cells containing the 9pter-i9q12 region. In every case, the enzymepositive hybrid clones displayed bands of MeSAdo phosphorylase activity with isoelectric points characteristic of both the human and murine enzymes. These results indicate that the structural gene for human MeSAdo phosphorylase, designated MTAP, can be assigned to the 9pter--9ql2 region of human chromosome 9. Furthermore, these studies with interspecies somatic cell hybrids show that the MeSAdo phosphorylase-deficient state is recessive in mouse L cell lines.
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The thioether nucleoside 5'-deoxy-5'-methylthioadenosine (MeSAdo) derives from decarboxylated S-adenosylmethionine as a stoichiometric by-product during the synthesis of the polyamines spermidine and spermine (1, 2) . Although MeSAdo is a potent inhibitor of polyamine aminopropyltransferase reactions (3) , the compound does not accumulate in normal cells but is rapidly cleaved to adenine and 5-methylthioribose 1-phosphate (MeSRib-1-P) by the enzyme MeSAdo phosphorylase (methylthioadenosine:orthophosphate methylthioribosyltransferase) (1, 4) . In addition to its role in polyamine metabolism, MeSAdo phosphorylase is also important for the salvage of both adenine and methionine. Indeed, up to 97% of the endogenous adenine produced by human lymphoblasts in culture is formed by the catabolism of MeSAdo (5) .
MeSAdo activity is abundant in all normal murine and human tissues studied to date (2) . In contrast, several murine and human cell lines established from malignant tissues are completely deficient in the enzyme (6, 7 (10) . Hybrid cells were produced, selected, and maintained in culture as previously described (9, 11) . Twenty somatic cell hybrids were constructed with human parental cells with a normal chromosome 9: 11 WIL (WI-38 fused with LTP) (9), 8 ICL (GM 1006 fused with LM/TK-) (12) , and 1 TSL (GM 2808 fused with LM/TK-) (13) . Of particular importance to this study were 7 NSL hybrid clones (GM 2836 fused with LM/TK-) in which the translocation chromosomes 9/17 and 17/9 separate chromosome 9 into two regions (14) . Two additional ALL hybrids (ALEX fused with LM/TK-) were tested in support of the gene mapping studies.
Human Chromosome Content of Somatic Cell Hybrids. Cell extracts, prepared as described (9) , were analyzed by electrophoresis for isozyme markers coded by genes that are specific for the 22 human autosomes and for the X chromosome (15) . The Y chromosome was excluded from segregation analysis because female human cells contain MeSAdo phosphorylase. In addition, human chromosomes were also characterized by karyotyping and Giemsa/trypsin banding in selected cell hybrids (16) .
Assay of MeSAdo Phosphorylase Activity. MeSAdo phosphorylase in cell extracts was assayed by a modification of the radiochemical method of Pegg and Williatns-Ashman (17) . The preparation and purification of substrate [methylAbbreviations: MeSAdo, 5'-deoxy-5'-methylthioadenosine; MeSRib-1-P, 5-methylthioribose 1-phosphate; AK1, adenylate kinase 1; ACO1, aconitase 1; CML, chronic myelogenous leukemia.
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in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Table 1) . No clones lacked MeSAdo phosphorylase but had human AK1 activity. One of the WIL hybrid clones, which was initially positive for MeSAdo phosphorylase, was assayed a second time after several months in continuous culture. On repeat assay, the clone had become negative for MeSAdo phosphorylase and for AK1 and had lost human chromosome 9 by karyotypic analysis as well (data not shown). Two ALL hybrids constructed with a heteroploid human parental cell line were positive for MeSAdo phosphorylase and contained an intact chromosome 9 and AK1, supporting the chromosome assignment of MTAP to chromosome 9.
Regional Localization of the MeSAdo Phosphorylase Gene. The NSL hybrid series was constructed by using human GM 2836 fibroblasts with a reciprocal translocation between chromosomes 9 and 17. The translocation chromosomes 9/17 (9pter-*9q12::17p1l1-47pter) and 17/9 (17qter-+ 17pll::9ql2--9qter) separate chromosome 9 into two tegions (14) . Thus, regional localization of the MeSAdo phosphorylase gene can be determined by analyzing NSL hybrid clones variably containing the translocation chromosomes. AK1 is encoded on the 17/9 translocation, whereas aconitase 1 (ACO1) is located in the pter--pl3 region of chromosome 9 and is encoded on the 9/17 translocation (14, 15). In Table 1 tIsozyme patterns of adenylate kinase 1 (AK1) and aconitase 1 (ACO1) were determined by electrophoretic methods (15) . §Giemsa/trypsin banding was used to identify intact and translocation human metaphase chromosomes (16) .
an analysis of seven NSL hybrid clones, MeSAdo phosphorylase activity was present only in the single NSL clone that also retained the 9/17 translocation chromosome (Table 2) . Because the selection marker thymidine kinase is in the 17q21->17q22 region, all of the NSL clones retained the 17/9 translocation. Segregation of MeSAdo phosphorylase with ACO1 in this series of hybrids is consistent with an assignment of the gene for MeSAdo phosphorylase to the 9pter-9ql2 region of chromosome 9.
Identification of Human MeSAdo Phosphorylase by Isoelectric Focusing. To verify the human genomic origin of MeSAdo phosphorylase in the hybrid clones, we performed isoelectric focusing on cell extracts from parental cell lines, from human and murine lymphoblast cell lines, from three of the MeSAdo phosphorylase-positive hybrid clones used for gene mapping, and trom two ALL cell hybrids. Human and mouse MeSAdo phosphorylase could be distinguished after isoelectric focusing both by autoradiography (Fig. 1, lanes A  and B) and by direct enzyme assay performed on serial gel sections (data not shown). Enzyme activity from each species localized to a single, broad band. Mixing of human and mouse cell extracts produced two overlapping bands (Fig. 1,  lane C) . By direct enzyme assay of gel slices, the peak activity for human MeSAdo phosphorylase migrated to pI 5.6, and that for mouse enzyme to pI 5.4. Fig. 1 shows the isoelectric focusing-patterns for MeSAdo phosphorylase from enzyme-positive hybrid clones. In each case, two zones of enzyme activity were detected. The cathodal band had the same pI as human MeSAdo phosphorylase, while the anodal band had the same pI as the murine enzyme. The appearance of the latter anodal band in the hybrid samples was unexpected, because no murine enzyme was detected in LM/TK-cell extracts alone or after incubation with human cell extract (Fig. 1, lanes D and E) .
DISCUSSION
Somatic cell hybridization and isozyme analysis enabled us to assign the gene for MeSAdo phosphorylase to human chromosome 9. Regional localization of MTAP to the 9pter--9ql2 region is suggested by the segregation of MeSAdo phosphorylase activity with the translocation chromosome 9/17 in one of seven hybrid clones of the NSL series. The data do not exclude the possibility that other genetic material on the 9ql2-*9qter region is required for synthesis or functional activity of MeSAdo phosphorylase because the complementary 17/9 translocation was also present in the single MeSAdo phosphorylase-positive NSL hybrid clone ( (7, 26) . In MeSAdo phosphorylasepositive cells, the thioether nucleoside can also partially support growth in methionine-depleted medium (27, 28) . MeSAdo phosphorylase, therefore, may have potential value as a selection marker for human chromosome 9 in interspecies somatic cell hybrids. In addition to genes for AK1, AK3, ACO1, and c-abl, other genes of interest in chromosome 9 that could be selectively enriched in hybrid cell populations include loci for the ABO blood group determinants and for the a and P interferons (15) .
In studies after this manuscript was submitted, a monospecific murine antiserum against human MeSAdo phosphorylase immunoprecipitated almost all activity from the enzyme-positive hybrid clones. These preliminary results support post-translational processing as the likely mechanism responsible for the isoelectric focusing pattern produced by hybrid cell extracts.
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